Introduction
Sickle cell disease (SCD) is a hereditary hemolytic anemia characterized by the synthesis of hemoglobin S (HbSS) [1] . It is characterized by recurrent episodes of hemolytic anemia, vaso occlusive crises with the entrapment of red blood corpuscle in the microvasculature system causing hypo-perfusion infarction in many organs leading to multi-organ dysfunction [2] . Sickle-cell disease occurs more commonly among people whose ancestors lived in tropical and sub-tropical sub-Saharan regions where malaria is common. SCD had an incidence in the Arabian Peninsula in the range of 1.2% -2.6% [3] [4] .
Cardiac manifestations of SCD patients vary depending on the patterns of evaluation and the populations in the study with different clinical manifestations of SCD according to patients' ethnicity and geographical distribution [5] [6] . The earliest marker of cardiac involvement in children is diastolic dysfunction followed in adulthood by cardiomegaly and pulmonary hypertension with or without heart failure [7] [8] .
Pulse Doppler echocardiography is widely used as a noninvasive tool to assess the mitral and tricuspid flow for the assessment of diastolic function [9] [10] . The LV diastolic filling pattern on pulsed Doppler has been classified into normal, restrictive and abnormal relaxation pattern on the basis of relation between the early filling E wave and the late filling A wave on transmitral diastolic filling velocity [11] . The pattern of abnormal relaxation had low early filling wave (E) and high atrial wave (A) with E/A ratio < 1 with high deceleration time of E wave (DT) and the constrictive pattern had a high E wave, diminished or absent A wave with E/A ratio > 2 and shortened DT of <160 msec [12] [13] .
QT, defined as maximum QT interval minus minimum QT interval, was proposed as an index of ventricular recovery times to distinguish myocardium that is homogenous from myocardium that displays non-homogeneity in the repolarization time of myocardium [13] . The normal range of QTd value is 10 -70 msec with mean 29 ± 26 msec in young age [14] . QTd had been shown to increase in a variety of cardiac diseases including acute myocardial infarction (MI), post MI, hypertrophic cardio-myopathy, left ventricle hypertrophy of hypertension, heart failure, idiopathic dilated cardiomyopathy and long QT syndrome indicating general repolarization abnormality in this group of patients [15] - [18] . The prognostic value of QTd had been evaluated in patients with end stage renal disease patients requiring hemodialysis, and in patients with diabetes mellitus [19] [20].
Aim of the Study
To evaluate the alterations of QT Dispersion and corrected QTc interval in adult patients with sickle cell disease using twelve leads ECG compared with the norm, and to assess LV systolic and diastolic function of both ventricles using pulsed Doppler echocardiogram.
Material and Methods

Study Population
Seventy adolescent and young adult (14 -40 years) patients with sickle cell disease (SCD) were enrolled in the study. The study was conducted during the interval from January 2011 to June 2012. Patient selection was consecutive from patients attending the hematology clinic in Salmaniya Medical Complex (SMC). SMC is the main government hospital in Bahrain with a catchment area of 900,000 populations. Those patients were compared with 70 healthy patients referred to cardiology OPD for echocardiographic evaluation.
Inclusion criteria were diagnosis of sickle cell disease SCD with homozygous haemoglobin S (HbSS) made by solubility screening test for sickling and haemoglobin electrophoresis. All patients gave an informed consent and the study protocol was approved by the institutional committee.
Patients with SCA were excluded if they have history of recent blood transfusion within three weeks, had hemoglobinopathy other than SCD, history of rheumatic heart disease, adult congenital heart disease, hypertrophic cardiomyopathy, advance renal or hepatic failure. All patients had full history and were examined clinically for blood pressure and pulse, presence of heart murmur or crackles, raised jugular venous pulse, S3 gallop, and ankle edema. Each patient gave a blood sample for the serum level of haemoglobin (Hb) and serum ferritin.
Twelve Leads ECG
All patients in the SCD and the control group had 12 leads ECG, the QT interval corrected for Heart rate was performed using Bazett [21] formula in which the K value modified by Shipley [22] (is 0.397 for men and 0.415 for women). The twelve leads ECG recorded on each patient at 25 mm/s. Three consecutive cycles were measured in each of the chest leads (V1-V6) and from the three values a mean of QT was calculated in chest leads V1-V6. The QT dispersion was defined as the difference between maximum and minimum QT. The methods of measurement were as reported previously by Pye et al. [23] .
Echocardiographic Evaluation
Comprehensive echocardiographic pulsed Doppler and tissue Doppler evaluation was performed by Philips e33 echo machine, using 2.5 MHz transducer by the same cardiologist.
The measurement of M mode, 2D, pulsed and tissue Doppler was performed by two technicians unaware of the subject's clinical status and according to the American Society of Echocardiography guidelines. The LV ejection fraction (EF%) was measured using the biplane Simpson methods [24] .
The M mode guided echo used to measure the systolic and end diastolic diameter of LV cavity as well as the septum and posterior wall. The LV mass index was calculated according to formula described by Devereux et al. [25] .
Right ventricle diastolic diameter and thickness of the free wall were measured in the apical view; RV systolic function was evaluated from the tricuspid annular plane systolic excursion (TAPSE) [26] .
Using pulse Doppler for mitral and tricuspid valve in the apical view with the sample volume at the tip of the leaflet in apical view and the following parameters were measured: the early peak velocity (E wave) and the late atrial contraction wave (A wave), E/A ratio and deceleration time of E wave (DT). The calculation of the pulse and tissue Doppler waves was made as the mean of three beats at end of inspiration and three at the end of expiration.
Statistical Analysis
Data was entered and analyzed using the Statistical Package of Social Sciences (SPSS) version 20. Data are presented as mean ± S.D. Student-test was used to analyze the differences between the mean variables of M mode for septal wall thickness of LV and RV cavity and wall thickness and LV mass index in the two groups as well as DT of E wave. The QTd and echo Doppler findings were adjusted for Body Surface Area (BSA) in both groups.
Pearson correlation coefficient was used to measure the linear relationship between serum ferritin and QTd. All reported p-values are two tailed and p-value of <0.05 was regarded as significant.
Results
There were 70 patients with sickle cell disease with mean age of 28 years (range 14 -40), with 54 male (77%). Table 1 shows the clinical characteristics of the study and the control group.
Patients with SCD compared with the control group had no difference in the age, gender, and systolic blood pressure, but had significantly low diastolic blood pressure and hemoglobin level with higher heart rate. There was significant high level of ferritin in SCD patients. Patients with SCD compared with the control, had a significant increment in left ventricle mass index, and right ventricle diameter and wall thickness. There was no significant differences observed between the two groups for the left ventricle ejection fraction percentage, the LV end systolic and end diastolic dimensions but TAPSE was significantly higher indicating right ventricle systolic dysfunction. Table 3 shows the Pulsed Doppler measurements for diastolic filling velocity in left ventricle. SCD patients compared with control had significantly the higher LV E/A ratio, lower A wave velocity and shorter deceleration time of E wave. The tricuspid valve velocity showed significant higher velocity (m/s) in the sickle cell disease patients of 2.9 ± 0.14 vs. 1.7 ± 0.09, p = 0.004 indicating higher pulmonary artery pressure with calculated right ventricle systolic pressure of 38.64 vs. 16.56 mmHg.
Out of the 70 patients with SCD, there were 15 (22%) patients with TVR of >2.6 m/s on continuous wave velocity, three (4%) of them had TVR > 3 m/s and 65 patients had TVR < 2.6 m/s.
There was weak positive correlation noted between serum level of ferritin QT dispersion (r = 0.35). Twenty eight out of 70 (40%) patients with SCD were consuming hydroxyl urea medication.
Discussion
In patients with SCD there were a higher heart rate and lower diastolic blood pressure which is in agreement with others reports where chronic hemolytic anemia is accompanied by a state of hyperkinetic circulation and tachycardia [27] , and reduced peripheral resistance with an increase of volume chambers with hypertrophy [28] .
These ECG findings on QTd may indicate the mild impact of iron deposition in the myocardium in this group of patients and perhaps a long-term follow up for serum ferritin and QT dispersion may be warranted to evaluate the temporal relationship between these two factors. In other studies QTd was significantly increased in patients with coronary artery disease, end stage renal disease and in diabetes mellitus [19] [20] .
The ECG finding in this study is in keeping with previous reports indicating that patients with SCD have non-significant increase of QTd compared with controls [29] . However the increase of LV wall thickness and LV mass index in SCD patients in this study may both increase the heterogeneity of repolarization and prolongation of QT dispersion. The significant increment of QTd in SCD patients may be due to early disease involvement.
The prolongation of QT interval is associated with an increased risk of a characteristic life threatening cardiac arrhythmia and hence the increment of QT interval in this study may herald such late outcome [17] .
The main findings of SCD compared with controls on echo Doppler of LV filling pattern showed higher early diastolic filling of LV and high E/A ratio suggesting restrictive diastolic pattern and thus stiff LV wall. These findings are in keeping with another study by Yaprak et al. [30] who demonstrated that SCD patients had a significantly higher E wave, E/A ratio, with lower A wave velocity, suggesting restrictive pattern in 54% in the study population; no correlation was found with hemoglobin level. Similarly, it has been reported that transmitral diastolic filling measured by Doppler in patients with thalassemia exhibits a restrictive pattern [31] . This was in agreement with a previous report that high E/A ratio is the most common finding in patients with hemolytic anemia [32] .
The LVEF% and fractional shortening were normal with no difference between patients with SCD and the control group. The normal left ventricle systolic function indicates iron overload have very minimal deleterious effect on myocardial systolic function.
In this study, patients with sickle cell disease had dilation LV, RV cavities compared with the control. Moreover they had greater left ventricle mass index and thicker RV wall. The systolic function of left systolic ventricle was preserved with no difference between LVEF percent compared with control. However RV systolic function as assessed by TAPSE showed significant dysfunction than control. It is possible that these parameters of systolic LVEF% are insensitive due to its load-dependent relationship. It has been observed that patients with SCD had higher preload and lower after-load [33] which cause higher diastolic filling and shorter DT of E which was observed also in our patients. The RV dysfunction in this study may be due to lung involvement with predominant vaso-occlusive effect and the smaller RV mass than the left ventricle resulting in a faster functional derangement.
The diastolic filling pattern for LV was suggestive of restrictive pattern with a significantly high E wave with shortened deceleration time. This is in keeping with one report where preload increment is associated with increase of early filling and shortened deceleration time [34] .
There were 15/70 (22%) patients in the SCD group who had pulmonary hypertension with TR velocity of > 2.6 m/s. The incidence of pulmonary artery hypertension of 22% in this study was lower than others where the incidences range between 33% -45% [35] .
The pathogenesis of pulmonary artery hypertension in patients with SCD is multifactorial and may be due to sickling phenomena, vaso-occlusive crisis or acute chest syndrome. The repetitive intravascular hemolysis results in the release of hemoglobin that scavenges nitric oxide which finally leads to acute and chronic pulmonary vasoconstriction [36] [37] .
The positive correlation between the ferritin and QTd in this study supports the notion that iron overload [37] and dilation of the ventricular chambers are implicated in the pathogenesis of pulmonary hypertension and arrhythmia [38] .
Limitation of the Study
This study was for conducted on adult patients but children and adolescents were excluded and perhaps may invite for missing an important data in term of disease process in patients with SCD.
Conclusion
SCD patients compared with controls have higher QT dispersion and corrected QT interval with a significantly larger LV mass and LV diastolic filling indices suggestive of restrictive diastolic pattern. These data indicate that LV diastolic abnormalities compromise initially in patients with SCD.
